The polymerase chain reaction was used to detect and specifically identify Listeria monocytogenes. A 174-bp region of the listeriolysin 0 gene was shown to be specifically amplified in L. monocytogenes but not in other species of Listeria or in a number of other gram-positive and gram-negative organisms. Less than 50 organisms could routinely be detected by a procedure involving two rounds of 35 amplification cycles each and without the need for subsequent hybridization with labeled probes.
Food and dairy products contaminated with Listeria monocytogenes have been implicated as the source of several recent severe outbreaks of listeriosis (6, 14, 19) . However, questions regarding the epidemiology of the disease, the extent of food contamination, and the importance of the foodborne route of transmission remain unanswered partly due to the lack of simple, rapid, and sensitive isolation and identification procedures for L. monocytogenes. Standard methods which rely on cultivation of presumptive Listeria colonies can take 3 to 4 weeks before a species identification is possible (12) . Identification of L. monocytogenes by colony hybridization with a specific DNA probe has been reported (4, 5) , but here also prior cultivation of the organisms was necessary. A sensitive, quantitative hybridization assay using riboprobes against listerial 16S rRNA has been described recently (16) , although the specificity for L. monocytogenes was not reported. The polymerase chain reaction (PCR) (17) offers an alternative approach for the specific and sensitive detection of environmental organisms. For example, Bej et al. (1) were able to detect less than five coliform bacteria in 100 ml of water by using DNA amplification followed by hybridization with radiolabeled probes. Similarly, Starnbach et al. (20) have applied PCR to the detection of Legionella pneumophila in water samples. In this study, we show that the PCR reaction can be used specifically to detect very low numbers of L. monocytogenes without the need for prior enrichment or cultivation of the organisms. Recently, Bessesen et al. (2) have also applied PCR technology to the detection of L. monocytogenes, although they did not specify the primers used or use a two-stage amplification procedure as we describe below.
Bacterial strains used in this study are listend ip Listeria, L. ivanovii and L. seeligeri (10) . Primer Lis-1 (5'-GCATCTGCATTCAATAAAGA) was located between bp 130 and 149 and primer Lis-2 (5'-TGTCACTGCATCTCCG TGGT) was located between bp 284 and 303 within the coding region at the 5' end of the hlyA gene. This region was chosen because of its lack of homology with the corresponding streptolysin 0 and pneumolysin gene sequences (15) .
The specificity of these primers was tested by amplifying DNA from various species of Listeria as described above. DNA from all strains of L. monocytogenes gave a single amplified product of the expected size (174 bp) (Fig. 1) ing hemolytic bacteria, clinically relevant pathogens, and bacteria likely to be found in the same environmental niche as L. monocytogenes (food and dairy products). With the stringent reaction conditions described above, no amplified products were detected from any of the strains examined ( Table 1) .
As well as having the required specificity, a PCR-based detection system must be at least as sensitive as traditional culture methods in detecting low numbers of L. monocytogenes in environmental samples, often in the presence of nonlisterial organisms. In this case, sensitivity will be a function of the number of bacteria present as well as the efficiency of cell lysis and isolation of semipurified DNA suitable for amplification. Therefore, to determine the practical levels of sensitivity, L. monocytogenes 35152 was grown in Trypticase soy broth and the total (viable and nonviable) cell number was determined by direct counting. DNA prepared by the Glass-milk procedure from serially diluted cells was then used in the PCR assay and the products were visualized by agarose gel electrophoresis and ethidium bromide staining (Fig. 2A) Fig. 2A) . To see whether the sensitivity could be improved without resorting to dotblotting and hybridization with labeled probes, an aliquot of the amplified material was removed and reamplified for a further 35 cycles after addition of fresh reagents (see above). This second round of amplification increased the sensitivity such that 54 cells could routinely be detected (lane 8, Fig.  2A ). As few as 5.4 cells could sometimes be detected (lane 10, Fig. 2A ), but this was not reliable or predictable. Therefore, the practical level of sensitivity with this twophase amplification scheme must be considered to be between 5 and 50 cells. Finally, we observed that, even in the presence of large numbers of nonlisterial bacteria, the specificity and sensitivity of the PCR assay for L. monocytogenes were retained (Fig. 2B) be improved by applying dot-blotting and hybridization with appropriately labeled oligonucleotide probes, but this is time-consuming and adds an additional level of complexity to the assay whereas we sought to keep this detection system as simple as possible. From a food safety point of view, however, care must be taken in interpreting results generated by PCR analysis since this technique is only semiquantitative (17) and cannot distinguish between viable and nonviable organisms. In addition, the use of a two-phase amplification system as described here requires that stringent measures be taken to prevent possible contamination with amplified products and the generation of false-positive results (9) . We hope to refine the PCR assay so that more quantitative results are obtained and to adapt it for the direct examination of food and dairy products. Clearly, the overall utility of a PCR-based detection system can best be assessed by the direct testing of a variety of food products. Nevertheless, the rapid species-specific identification of L. monocytogenes as described here would be of benefit to the food industry as well as to health care workers in aiding both diagnostic and epidemiological studies.
We thank Lorna Mead, University of Saskatchewan; Sheila Scott, Royal University Hospital, Saskatoon; Pauline Ewan, LCDC, Ottawa; G. Spiegelman, University of British Columbia, for providing many of the strains; and Shirley Cooke for preparation of the manuscript. Financial assistance was provided by the NSERC Research Fund, University of Saskatchewan.
